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ABSTRACT

Analysis of vibrational structure. —The electronic band system of AgCl extend-
ing from 23124 to 23400 has been obtained in emission and absorption, the latter
under high dispersion. A complete vibrational quantum analysis has been carried
out, giving the following formula for the heads of the bands of the molecule Ag!*’Cl]*:

v=31574.44+275.00"—6.200"2—0.1339'3—342.49"'+1.163v' 2.
The data give w.’’=343.6 cm™?, w.’=281.0, and ».=31606.9 cm™. Vibrational
quantum numbers have been assigned to Franck and Kuhn's data for AgBr and Agl.

Isotope effects. —The vibrational isotope effect was observed for both the Cl and
the Ag atoms. The complete spectrum consists of four overlapping systems due to the
four possible isotopic molecules. The order of magnitude of the isotope shift for the Cl
isotope effect was 1 to 30 cm™; for the Ag isotope effect, 1 to 4 cm™. The agree-
ment of observed shifts with those calculated from the equations recently derived by
Birge (not yet published) is close.

Energies and products of dissociation. The heats of dissociation of the AgCl
molecule are Dy'’=3.11 volts in the normal state, Dy’ =0.31 volt in the excited
state. The energy of excitation of the atoms resulting by dissociation from the
excited state is 1.10 +0.12 volt. This value can be explained if it is assumed that 2D’
states exist in Ag as in Cu and Au. It is concluded that the silver halides dissociate
from the excited state into a silver atom in a 2D’ state and a halogen atom in the
metastable 2Py, state.

INTRODUCTION

HE spectrum of silver chloride vapor consists of a system of single-headed

bands in the ultra-violet, all the bands being shaded toward the red.
These bands were first obtained by Franck and Kuhn! in absorption and fluo-
rescence. Their work was concerned chiefly with a study of the type of mole-
cular binding of the silver halides Agl, AgBr, and AgCl. Their results indicate
that these molecules are of the “atom-molecule” type, in contrast to the alkali
halide “ion-molecule” type. AgCl gave only a discontinuous band spectrum,
whereas AgBr and Agl each showed a single continuous spectrum in addition
to bands. The heats of dissociation of Agl and AgBr were calculated from the
long wave-length limit of the continuous spectrum assuming that the product
of dissociation from the excited state were a normal silver atom and an ex-
cited halogen atom. The heats of dissociation were also found independently
by extrapolation of the fluorescence series. But for AgCl no direct calculation
was possible by either method. The authors were not able to assign vibra-
tional quantum numbers for any of these band systems. No mention was
made of an isotope effect.

! Franck and Kuhn, Zeits. f. Physik, 43, 164 (1927); 44, 607 (1927).
960
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In the present research, a complete vibrational quantum analysis of the
AgCl band spectrum has been made. Accurate determinations of the heats of
dissociation of the molecule in both the normal and the excited states lead to
new conclusions as to the products of dissociation of the silver halides. In
addition, the vibrational isotope effect of both atoms simultaneously has been
obtained.? This is the first time the silver isotope effect has been obtained in
spectra.

EMISSION SPECTRUM

The silver chloride band spectrum was obtained in emission® by viewing
the region immediately above a long silver electrode covered with fused AgCl,
in a high voltage discharge in hydrogen at about 1 mm pressure. Photographs
were made with a quartz Hilger E2 spectrograph. The small number of bands
appearing in emission permitted a ready assignment of vibrational quantum
numbers. The heads of the following bands were obtained in emission:
(0, 0), (1, 0), (0, 1), (1, 1), (2, 1), (1, 2), (3, 2), (2, 3), (3, 4). Of the bands
recorded by Franck and Kuhn, those which do not fit into this assignment
can be shown to belong to the fainter isotope molecule AgCI¥". In order to
extend the observations of the isotope effect and to obtain accurate values for

TaBLe 1. Wave-lencths and wave-numbers of observed heals. F.& K., bands abserved by Franck and Ki'hn.

AgoiCl Aglo(Clss AglorClsT Agis(Cw F.& K.
', A v A v A v A v v
2,0) — — — — 3114.60  32077.0 — — 32096
(3,1) 3124.17  31999.3 — — 3124.79  31992.9 - — 32005
(4,2) 3135.10  31887.7 — — 3135.39 31884.7 — — —
(1,0) 3139.70  31841.0 — — 3140.15  31836.4 - — 31845
2,1 3147.93  31757.7 — — — — — — 31760
3,2) 3157.48  31661.7 — — — — — —_ 31663
(0,0) 3166.21  31574.4 — — — — — — 31579
1,1 3173.35  31503.4 — — 3173.60  31500.9 — - 31506
2,2) 3181.95  31418.2 — — 3181.59  31421.8 — — 31426 i
0,1) 3200.81  31233.1 — — 3200.07  31240.3 — - 31243
(1,2) 3208.03  31162.8 — — 3207.14  31171.4 - - 311744
2,3 3216.26  31083.0 — — 3215.28  31092.5 | 3215.16 31093.7 | 310941
(3,4) 3225.79  30991.2 — — 3224.46  31004.0 — — 30998
(0,2) 3235.98  30893.7 | 3235.82 .2 | 3234.50  30907.8 | 3234.31 30905.6 | 309087
(1,3) 3243.18  30825.0 | 3242.97 .0 | 3241.50  30841.0 | 3241.31 30842.8 | 30833
(2.4) 3251.35  30747.6 | 3251.14 .6 | 3249.47  30765.4 | 3249.24 30767.6 | 30755
(3,5) 3260.77  30658.8 | 3260.52 .2 | 3258.63  30678.9 | 3258.35 30681.5 | 30667,30687
(4,6) 3271.76  30555.8 | 3271.46 .6 | 3269.26  30579.2 | 3268.98 30581.8 | 30364
(1,4) 3278.63  30491.8 | 3278.33 .6 | 3276.23  30514.1 | 3275.91 30517.1 | 30495
(2,3) 3286.77  30416.3 | 3286.48 .9 | 3284.15  30440.5 | 3283.87 30443.1 | 30422
(3.6) 3296.20  30329.3 | 3295.87 .3 3293.30  30356.0 | 3292.94 30359.3 | 30333,30366
4,7) 3307.14  30228.9 | 3306.82 .8 | 3303.91  30258.5 | 3303.49 30262.3 | 30235, 30262
(2,6) 3322.77  30086.7 | 3322.42 .9 — — — — —
(3,7) 3332.14  30002.1 | 3231.73 5.8 — — — — 30008
(4,8) 3343.11  29903.7 | 3342.70 .4 — — — ~ 29912
(4,9) 3379.55  29581.2 | 3379.10 .2 — — — - 29590
(3,7) — — — — — 30443
(3,8) — — — — 30118
(5.9) - — — - — — 29795
(6, 10) — - — — — — — 29655
(3.8) — — - — — — — 29689
(5,10) - — — — — — — 29475
(6,11) — — — — — — — 29327
(4,10) — — - — — — — 29270
(5,11) — — — — — — - 29161
(6,12) — - — — — — — 29014
(5,12) — — — — — — —_ 28839
(6,13) — — — = — — - 28694

2 B. A. Brice, Phys. Rev. 34, 1227 (1929) (Letter).
3 B. A. Brice, Phys. Rev. 33, 1090 (1929) (Abstract).
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the heats of dissociation, it was considered worth while to photograph AgCl
vapor in absorption under high dispersion.

ABSORPTION SPECTRUM

The absorption spectrum was obtained by passing white light from a tung-
sten quartz lamp through AgCl vapor. The salt was heated to about 900°C in
an open quartz tube 2 ft long surrounded by an electric furnace. Photographs
were taken using a 21 ft concave grating, giving a dispersion of 2.5 A/mm in
the first order and 1.3 A/mm in the second order. The grating* is mounted
according to Paschen in a temperature-controlled room. The photographs are
reproduced in the accompanying plate. Photograph 4 shows the first order
spectrum, B the second order; the enlargements C and D illustrate in more
detail the isotope effect, showing the four heads composing each band. The
comparison spectrum is that of an iron arc, the standard wave-lengths being
taken from Kayser’s Handbuch Vol. VII.

Table I gives the wave-lengths in air of the observed heads. The corres-
ponding wave-numbers are corrected to vacuum by using Kayser’s table.
The values recorded are the mean of two independent measurements on a
first order plate and one on a second order plate. The heads given by Franck
and Kuhn are also recorded for comparison. It is evident that their measure-
ments are from 3 to 10 cm™! too high.

VIBRATIONAL ANALYSIS

Throughout this paper the notation used will be as far as possible consis-
tent with that proposed recently by Mulliken for the general theory of band
spectra, and that proposed by Birge* for the isotope theory. The true vibra-
tional quantum number is integral, v=0, 1, 2, - - -; the effective quantum
number is half-integral, u =v+14. Subscripts e refer to the vibrationless but
impossible state for which # = 0; subscripts 0 refer to the lowest possible vibra-
tional state, for which u =1/2.

The possible energy levels of a non-rotating molecule are given by

G, =w(u — xu+ yud+ -+ +) (1)

where w, is the mechanical vibration frequency for vanishingly small ampli-
tude. The wave-numbers of the origins of the bands in the spectrum are

y = Ve+we'(“/— xelurz_*_ yau/:;_i_ . )_ we"(u” — xellullz + ye/lu113+ .. ) (2)

where v, corresponds to the electronic energy change, and is defined as the
origin of the band system. The classical vibration frequency is obtained
from Eq. (1) by differentiation: w,=dG,/du. But experiment yields values
of w,11/2, which is the spacing of the energy levels. From Eq. (1)

wurz2 = Gup1 — Gu = wau|l — 2w,(u + 1) + 3y (u+ )2+ - - - ] @3

* The Anderson grating used at present in this mounting is the property of Townsend
Harris Hall, College of the City of New York.
4+ R. T. Birge, unpublished work.
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If the data are sufficient, a plot of the observed spacings w12 against %+ %
can be used to determine the constants of Eq. (2). The value of w, for any
value of # can then be obtained from the resulting curve by interpolation or
extrapolation. Eq. (2) will then represent the origins (or heads, in practice)
of the observed bands.

It is found experimentally that for non-polar molecules the w,:% curve is
linear for low values of #, and that extrapolation of the linear part to =1,
when w, =0 leads to a fairly reliable determination of the heat of dissociation.’
This gives #y=w,/2x.w,. Geometrically the heat of dissociation is given by the
area under the w, % curve:

u 1 we? b 1 w;)Q
D= [ o= Do= [ eudu=— 5), (©)
0 2 2x ., 1/2 2 2x.w,.

Eq. (5) gives the heat of dissociation referred to the equilibrium state. Eq. (6)
is the frue heat of dissociation, referred to the lowest possible vibrational
state. There will be a value D'’ for dissociation by vibration from the normal
state, and a value D,’ for the excited state.

Fig. 2 shows the observed heads of the most abundant molecule Ag!*’CI®
arranged in the customary array which determines the true assignment of
vibrational quantum numbers, and which yields the experimental values of
wy+12’’ and w,y172”. The intensity distribution here is characteristic of mole-
cules having a small change in moment of inertia on electronic transition.

Njo 12 3 45 67 8 9 101 kB

0|® @6

OXOJOXOXO)

@e®E®OO
OXONNONOXOXO)
® ®00©

I AT B S R

Fig. 2. Assignment of vibrational quantum numbers. Numerals indicate estimated intensities.
Dotted circles are additional bands observed by Franck and Kuhn.

Table II contains the values of w, for corresponding #, including both the
experimental, and the extrapolated and interpolated values, which are needed
later for calculating the isotope shifts. In Fig. 3 the w,: curves for the most
abundant molecule are A’', 4’. The curve 4’ for the excited state is not a
straight line.

5 Birge and Sponer, Phys. Rev. 28, 259 (1926). See also Bull. Natl. Res. Council, No. 57
(1926), p. 131; R. T. Birge, Trans. Far. Soc. 25, 707 (1929).
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TaBLE II.  Values of w..
AglCIs Ag'eCl® AgliCI7 AgloCl¥
u wul, wu’ wull wul wu” Wy wul, wul
0 343.6 281.0 342 .4 — 336.0 276 —
H 342 .4 275.0 341.3 275 334.9 270 —
1 341.3 268.3 — — — 263.6 —
13 340.2 262 339.0 262 332.7 257 —
2 339.0 255.1 — 255.0 332.5 251.1 — 250.7
23 337.8 249 336.8 249 330.5 245 — —
3 336.5 242.8 — 242 .4 329.9 238.5 — 238 .4
33 335.5 235 334.5 235 328.3 231.3 — —
4 334.3 226.4 332.4 226.2 327.0 223.2 325.9 222.5
43 333.2 217 332.2 217 326.2 214 — —
5 331.9 206 ? 330.7 — 325.0 324.5
53 330.8 194 ? 330.0 194 324.0 —
6 329.6 173 ? 328.9 322.9 322.2
63 328.5 327.8 321.8 —
7 327.1 326.7 320.7 319.5
73 326.2 325.6 319.6
8 325.2 324 .4 —
83 323.8 323.3 317 .4
9 322.5 322 2
93 321.5
103 319.2
113 316.8
123 314.5
1z
aQn
- 10
19
48
ull

324

328

336

. o
340

Fig. 3. wu: u curves: A'' normal, A’ excited state of Ag!9’CI®*; B’’ normal, B’ excited
state of Agl®’CI37; C’' normal state of Agl®CI®%; E’’ normal state of Ag!®CI*7,
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The equation representing the heads of the bands for the molecule
Ag'CI1%, from Eq. (2) and the above data is:

v=31574.44275.00'—6.20v"2—0.133v"* —342.4v""+1.163v" "2 (7

The value of %’/ for which the spacings of the levels becomes zero is #,"’ = 148.
By Eq. (5), D./”=25390 cm~'=3.13 volts; by Eq. (6), D,"'=3.11 volts. The
latter is the true heat of dissociation of the molecule Ag!®’CI®. Its accuracy is
estimated as +0.10 volt. This agrees closely with the value 3.1 volts taken
from thermochemical data.*

For the excited state, extrapolation of the w,:u# curve is somewhat uncer-
tain. Itis safe to assume however that a maximum value will be set by extra-
polating a straight line drawn through the first three points. This gives
Dy"=0.33 volt. A lower limit may be set by calculating the area under the
actual curve, using the empirical equation. This gives 0.28 volt. Hence we
may take Dy’ =0.31+0.02 volt.

THEORY OF THE IsoTOPE EFFECT

The theory of the vibrational isotope effect, first formulated by Mulliken,5»
has recently been applied in a form more convenient for calculation of isotope
shifts in bands of high vibrational quantum numbers by Gibson,® Patkowski
-and Curtis,” and R. T. Birge.* Professor Birge has given a thorough discussion
of the applicability of this method, and has kindly made his results available
to the writer in advance of their publication. In the following, his notation
will be followed, and some of his equations given. Superscripts 7 will refer to
the “isotope” or less abundant molecule, while letters without superscript will
denote the “main” or more abundant molecule.

The vibrational energy of a non-rotating molecule as given by Mullikenss
is G, =f(up~12) where u = M, M,/ M,+ Mo, the effective or reduced mass of the
molecule, M, and M, being the relative masses of the two atoms composing
the molecule. If an isotope of one of the atoms is present, the reduced mass
of the isotope molecule is u?, and if we let p = (u/u)V/? the vibrational energy of
this molecule is G, =f(upu~'/?). Hence for a given value of «, regardless of the
functional form of G, given by Eq. (1), we obtain G, by replacing « by up.
Writing Eq. (1) for the isotope molecule:

o= wfup — xep™u + yptud 4 - | €

Subtracting Eq. (1) from Eq. (8) we obtain the general form of the isotope
shift, as given by Birge:

G.—G,=w]lp— Nu— (p*— Dxau?+ (03— Dyaus+---]. (9

When an electron transition occurs, this becomes, in terms of the wave
numbers of the origins of the bands,

* Taken from ref. 1.

52 R. S. Mulliken, Phys. Rev. 25, 119 (1925).

8 G. E. Gibson, Zeits. f. Physik 50, 692 (1928).

7 Patkowski and Curtis, Trans. Far. Soc. 25, 725 (1929).
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vo' —vp = Avg = (p — D(w/v' — w/4u')
_ (pz _ 1)(wexe/u/2 _ we"x,,"u"z)

+ (P3 - 1)(we/ye’uls - we"ye”u”a) + - (10)

Eq. (10) can be used for calculating the direction and magnitude of the iso-
tope shift when the data are sufficient to give an analytic function represent-
ing the bands. This is more general than Loomis’s Eq. (7)8 and is in terms of
half integral quantum numbers.

As shown by Birge, an approximate equation can be written for Eq. (9):

Gt — Gy = (p — DNwyu. (11)
This gives, on transition,
Avg = (p — 1) (w /v — w,/"u"). (12)

The advantage of Eq. (12) is that it can be used independently of any func-
tional form of G,. It is necessary only to know the values of w, for the band
whose isotope shift is to be calculated. The value of w, may be read directly
from the w,:# curve, or interpolated linearly between w12 and wy,_1,
which are obtained directly from the spectrum.

This theory shows that the isotope effect is zero at the true origin of the
band system. It also shows that the isotope shift does not increase uniformly
as u increases. For, by differentiating Eq. (9) and equating the result to 0, a
maximum value of the shift for a certain value u =u, is obtained. In case the
w, ucurveislinear, u.is approximately 1/2u,. The theory shows further that
the apparent heats of dissociation D, and D.' are equal. Geometrically, the
w,:u curves for the main molecule and the isotope molecule cross each other at
u=u,,and the area under each is the same since #,/u¢*=p and w.’/w,=p. But
the true heats of dissociation Dgand D,?are not the same. The theory has been
verified by Patkowski and Curtis’ by application to the bands of ICl, and by
Birge* to ICl and Cl,, both of which involve isotope effects in the region of
relatively high quantum numbers.

Isotore ErrFecT IN AGCL

The w,:u curves for the four isotopic molecules Ag!0"ClI®*, AgloCl%,
Ag!?” CI¥, and Ag'®® CI¥ are shown in Fig. 3. The curves for the excited
states of the two Ag isotope molecules are not shown, since they almost coin-
cide with the other two curves. The curves A’" and B’’ for the normal states of
the first set of Cl isotope molecules are very nearly parallel and show no in-
tersection. But this is to be expected, since the extrapolated value of #,’’ was
148, and therefore u. is about 74. However, the extrapolated values of w, for
these molecules are in the ratio 336/343.6 =0.978, in close agreement with the
calculated value of p=0.9794. Also, for the strong pair of silver isotope bands,
curves C’’ and A"/, the ratio w.’/w,=342.4/343.6=0.997 in close agreement
with p=0.9977. However, due to the slight uncertainty in determining the

8 Bull. Natl. Res. Council, No. 57 (1926) p. 262.
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TasLe I11.

Isotope shifts.

AglO7C]37 - Ag107C135

AgCIT — AglooCl®

p—1=—-0.020577

p—1=-0.020672

I 11 111

@', ") Av Av Av Av Ay Av

obs calc calc calc obs calc
(2,0) —_— —9.28 —8.27
3,1) —6.5 —6.42 —6.39 —8.08
(4,2) -3.0 —2.72 —2.94 —5.77
(1,0) —4.6 —4.56 —4.57 —4.81
(2,1) — —2.31 —2.30 -3.10
3,2) — +0.45 +0.49 —1.12
(0,0) — +0.70 +0.69 +0.67
(1,1) +2.5 +2.41 +2.39 +2.13
(2,2) +3.5 +4.57 +4.58 +3.89
0,1) +7.2 +7.67 +7.67 +7.70
(1,2) +8.6 +9.29 +9.24 +9.14
(2,3) +9.5 11.35 11.37 10.77
(3,4) 12.8 13.93 13.92 12.67
(0, 2) 14.3 15.84 14 .54 14 .68 14 .4 14.56
1,3) 15.9 16.08 16.08 16.09 15.8 16.08
(2,4) 17.7 18.04 18.06 17.69 18.0 18.03
3,5) 20.3 20.51 20.56 19.51 20.4 20.52
(4, 6) 23.4 23.86 23.63 21.63 23.3 23.86
(1,4) 22.0 22.77 22.76 22.94 22.6 22.78
2,5) 24.2 24.63 24.65 24 .51 24.1 24 .65
(3, 6) 26.7 27.03 27.04 26.30 26.9 27.04
4,7) 29.6 30.25 31.94 28.36 30.3 30.29
(2, 6) — 31.14 31.15 31.28
3,7 — 33.42 33.47 33.03

TaBLE 111 (continued)

AngCl&S —_ Ag107C 1%

AglOQCl:W — AngCl.‘ﬁ

p—1=-—0.002264

p—1=—0.002360

(', v") Av Av Av Av

obs calc obs calc
1,2) - - — 1.04
(2,3) — — 1.2 1.27
(3,4) - -— — 1.55
0,2) 1.7 1.60 1.8 1.63
(1, 3) 1.9 1.77 1.8 1.81
(2,4) 1.9 1.99 2.2 2.02
3,5) 2.3 2.26 2.4 2.29
(4, 6) 2.6 2.62 2.6 2.66
(1,4) 2.5 2.50 3.0 2.56
2,5) 2.7 2.711 2.5 2.76
3,06) 3.0 2.97 3.1 3.03
4,7 2.9 3.33 3.8 3.38
(2,6) 3.3 3.43 — 3.49
3,7) 3.3 3.68 - 3.75
(4, 8) 3.8 3.95 4.09
4,9) 4.2 4.71 -
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proper slopes, it cannot be verified from the data that D. is the same for all
the molecules and D, different.

Curves 4’ and B’ for the excited states of the first set of Cl isotope bands
apparently show approach of intersection. The value of #," could not be
accurately determined, but probably lies between 15 and 23. Hence the cross-
over value .’ is probably just outside the range of observation.

Table III contains the observed and calculated isotope shifts. Values of
AN were calculated from the mean of the observed displacements from the
original measurements of the plates, and not the difference between the mean
wave-lengths of Table I. The observed Av were calculated from these AX.
The values of p—1 are also recorded in this table for the four sets of isotope
bands. The main molecule in each case is written in italics. For the first set
of Cl isotope bands, the calculated values of Av, were obtained in three ways
for comparison: column I using the approximate Eq. (12), column II the
analytic Eq. (10), and column III the old equation Av = (p—1)», where », is
the difference between the wave-numbers of the head of the main molecule
and »,, the origin of the band system. All three methods agree about equally
well for most of the shifts. But Eqs. (10) and (12) are superior when high
values of #’ are involved. The old equation gives very poor agreement for
bands having a high #’ and low #’’. This is to be expected, since III should
agree asymptotically with I and II for low quantum numbers, and the great-
est departure of III should occur when # is relatively high, as it is here in the
excited state. The observed values of % in the normal state are relatively low.

The shifts for the other sets of isotope bands were calculated by Eq. (12).
The observed shifts for the Ag isotopes are somewhat erratic due to the small-
ness of separation of the heads and their lack of sharpness, as well as their
faintness in some cases. The results here confirm the existence of two isotopes
of silver, of relative mass 107 and 109.

PropucTs OF DISSOCIATION

It has been shown by Franck,? Dymond,!® and others that when absorp-
tion of light by an “atom-molecule” results in dissociation by vibration from
the excited state, at least one of the resulting atoms is excited. From a study
of the w,:u curves in the normal state, Birge and Sponer!! showed it quite
probable that most molecules in dissociating by vibration from the normal
state yield two normal atoms. The difference between the total energy
(measured from the normal state) required to dissociate the molecule in the
two cases should correspond to the amount of excitation of the resulting
atoms. Hence, if a continuous spectrum exists which corresponds to the con-
vergence limit of the %'’ =0 progression of the vibration bands, then by sub-
tracting the lowest excitation energy in one of the resulting atoms from the
long wave-length limit of this continuum, a value for the normal heat of
dissociation D,’’ is obtained. For example, this was done by Dymond for I,.

¢ J. Franck, Trans. Far. Soc. 22, 536 (1925).
10 Dymond, Zeits. f. Physik 34, 553 (1925).
11 Birge and Sponer, see ref. 5.
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Conversely, if it is possible from the data for a given molecule to determine
the heats of dissociation in both the normal and excited states, it is sometimes
possible to find the states of the atoms resulting by dissociation.

In their work on the silver halides, Franck and Kuhn! report a continuous
spectrum for Agl overlapping the discontinuous bands, and showing a max-
imum at A3170. The long wave-length edge is variable with temperature and
pressure. Assuming a normal silver atom and an excited (metastable) iodine
atom formed by dissociation, and adding to this atomic energy the thermo-
chemical value of Dy’’, they obtained an energy value agreeing approximately
with the observed long wave-length limit at N3740. It appears to the writer
that the use of the long wave-length limit of this continuum is in this case
not at all reliable. Furthermore, the writer’s conclusions as to the products of
dissociation differ from Franck and Kuhn’s. The use of the maximum at
A3170, which is on the high frequency side of the bands, would give close
agreement. The same criticism would apply to AgBr. No continuous spec-
trum appeared with AgClL.

E=110

Fig. 4. Energy relations in AgCl.

Fig. 4 summarizes the results obtained in the present paper for AgCl.
Dy’ =3.11+0.10 volts, Dy’ =0.3140.02 volt, and the energy corresponding
to the (0, 0) band is 3.90 volts. This leaves 1.10+0.12 volts as the electronic
excitation of the atoms resulting by dissociation. In accounting for this
energy, several possibilities must be examined. If the products are: (1) Ag*
and Cl-, the resultant energy would be the ionization potential of Ag minus
the electron affinity of Cl, or 7.53—4.1=3.42 volts. (2) Normal Ag and ex-
cited Cl; the separation 2P;; —2P; in the normal state of Cl is 0.11 volt.
Thisis the process which would be assumed consistent with Franckand Kuhn’s
conclusions. Other levels in the Cl atom may be excluded because of their
high energy. (3) Excited Ag and normal Cl; this case was barred by Franck
because of the large separation between the 2P and 2S levels of silver. (4)
Both atoms excited.

The present results definitely exclude cases (1) and (2) even allowing a
wide limit of error. However, (3) and (4) may be considered. Now in both Cu
and Au there exist 2D states between the 2P and 2S states, due to terms based
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on the d° configuration of the ion.!? The lines of the Ag spectrum have not
been completely classified, but since Ag stands between Cu and Au in the
periodic table, it is a plausible assumption that these low-lying states exist
also in Ag."® If the silver halides dissociate into a normal halogen atom and a
silver atom in this metastable 2D(d’s?) state, then the electronic energy
obtained as indicated in Fig. 4 should be constant for all three silver halides.
The writer has succeeded in assigning vibrational quantum numbers to
Franck and Kuhn’s data! for Agl and AgBr. This assignment is shown in

A,.]I
Nlolilzlafa|s|e|7]s]o]wfu]nr]n
0 [ XX X|IX[X]|X|X|X]| [X]|X]|X]|X|X
X[ X]|X X[ x| X
2 [

3{X
4| X

AgBr
Glolt]a|3[4]s|el7|8fofwfufr|ln
0 [ XXX XX XXX XX X | X
| X XX [ X]X|X
2 XXX XX XXX
3

Fig. 5. Assignment of vibrational quantum numbers to Agl and AgBr.

Fig. 5, which includes both absorption and fluorescence bands. Approximate
equations representing the bands are as follows:

Agl: v=311534127.5v"—5.79"2—205.7v""+0.57v" %,
AgBr: y=314214-179.4v"—9.50"2—249.49v"'4-0.83v""2.

This gives for Agl, wy’’=205.7 cm™! and w,”’x’'=0.57, and for AgBr w,’’' =
2494, w,'’'x’'=0.83. These agree with the values deduced by Birge from
Franck and Kuhn's data, 205.8, 0.56, 247.2, and 0.81 respectively.* On ac-
count of the uncertainty of the measurements, the w,: % curves are uncertain,
and the heats of dissociation obtained by this data are not very accurate. But
it is certain that the heats of dissociation in the excited states are very small
and therefore a large error in determining them by extrapolation will not af-
fect the results appreciably.

12 Grotrian, Graphische Darstellung von Atomen ... I, p. 73, II, p. 44, 51, A. G. Shen-
stone, Phys. Rev. 28, 449 (1926) Cu.

13 But the d!®s configuration of Ag is expected to be more stable for Ag than for Cu or Au.
See Hund's “Spectrallinien” p. 169-170; also R. Ruedy, Jour. de Phys. et le Radium 10, 129
(1929); also Trans. Far. Soc. 25 (Dec. 1929) p. 752 (Bengtsson and Hulthén). For evidence of
instability see J. Kaplan Zeits. f. Phys. 52, 883 (1929).

4 Int, Crit. Tables, Vol. V, p. 411 (Birge's table).
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As in Fig. 4 we may now calculate approximately the resulting electron
excitation E of the dissociation products by the sum »,+D, —D,'=E,
where v, represents the energy corresponding to the (0, 0) band. For AgBr
and Agl we will use the thermochemical values! for Dy’’ and the extrapolated
values from the above analysis for Dy’.

AgCl: 3.904+0.31-3.11=1.10
AgBr: 3.8840.11—-2.6 =1.39
Agl: 3.8540.09—2.0 =1.94

The resulting values of E are thus not constant. But if we now subtract from
these values of E the ?Py;—?2P, separation in the normal states of the halo-
gens, which are respectively 0.11, 0.46, 0.94 volt!® we obtain for E in the three
cases 0.99, 0.93, 1.00 volt respectively, which is now very nearly constant.
This indicates that the silver halides dissociate from the excited state into a
silver atom in a 2D(d®?) state and a halogen atom in the 2P, state.

As in Cu and Au, combinations may occur in the silver atom between the
2P and these2D’ terms. Assuming the 2D’ level to be 0.99 1 0.1 volt, or 8000 +
800 cm™!, above the normal %S level, we would expect a line in the Ag spec-
trum at 4400+ 150A for the transition 2Py—2D,’. There are several fairly
strong unclassified lines in this region. Referring to Kayser’s Handbuch Vol.
VII, the two lines N\4888.3 (2u) and N\4677.9 (4u) have a wave-number sep-
aration 920 cm™!, which agrees with the 2P doublet separation. They are the
only lines found giving this difference. Hence it is possible that they corre-
spond to transitions *Py—2D’y and 2Py —2D’y in Ag. The next line of
the same type as these two is N4396.3 (2«). If this is the 2Py —2D,’ line, this
leaves 7731 cm™ or 0.955 volt for the 2D’ —2S separation. This is in close
agreement with the above value E=0.99 volt deduced from the band spec-
trum of AgCl. Extrapolations such as were made in obtaining this value
should be done cautiously. But even allowing a wide limit of error, the con-
clusions seem to be unaffected.

The above agreement may indeed be accidental, and awaits further test-
ing by the final analysis of the Ag spectrum,* and by more accurate work on
the band spectra of Agl and AgBr. The latter will be carried out by the au-
thor in the near future.

In conclusion, the writer expresses much appreciation for the valuable
suggestions and constant interest of Dr. F. A. Jenkins, under whom this work
was begun. I also am greatly indebted to Professor R. T. Birge for use of his
manuscript on the vibrational isotope effect. Suggestions and interest of Dr.
F. W. Loomis, and Dr. G. Breit were also helpful.

156 L. A. Turner, Phys. Rev. 27, 397 (1926).

* Dr. A. G. Shenstone has kindly informed me that his recent work on the Ag spectrum
predicts these 2D(d’%?) terms to be near 30000 cm™, close to the 2P terms, with a doublet
separation of about 5000 cm™!. He believes that the lines mentioned above are due to the terms
4P°D°F°(d’%p) combining with 4D(d%, s), though he has not as yet been able to identify them.
If this is correct, the value of E obtained by the writer remains unexplained.
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